Abstract Common variable immune deficiency (CVID) and chronic granulomatous disease (CGD) are two of the wellcharacterized primary immune deficiencies with distinct pathologic defects. While CVID is predominantly a disorder of the adaptive immune system, in CGD, innate immunity is impaired. In both syndromes, the clinical manifestations include an increased susceptibility to infections and a number of noninfectious, inflammatory conditions including systemic autoimmunity, as well as organ-specific pathology. Among the organ-associated disorders, gastrointestinal (GI) manifestations are one of the most intractable. As such, non-infectious inflammatory disorders of the GI tract are clinically challenging as they have protean manifestations, often resembling inflammatory bowel disease (IBD) or celiac disease, are notoriously difficult to treat, and hence are associated with significant morbidity and mortality. Therefore, assessing the pathogenesis and defining appropriate therapeutic approaches for GI disease in patients with CVID and CGD is imperative.
Introduction
Common variable immune deficiency (CVID) is a heterogeneous primary immune deficiency disorder, characterized by a loss of B cell function [1, 2] . The prevalence of CVID is estimated at 1/125,000 to 1/50,000 in Caucasians [1, 2] . Most patients are diagnosed between the ages of 20 and 40, but about 20 % are diagnosed under the age of 21. CVID should be considered in the differential diagnosis of patients with recurrent bacterial sino-pulmonary infections. In 20-50 % of cases, interstitial lung disease, lymphoproliferative syndromes, and autoimmunity are the presenting medical conditions [3] . The diagnosis of CVID is confirmed by laboratory investigations showing a significantly low serum IgG associated with low IgM and/or IgA, and poor or absent serological response to vaccines. Characteristic B cell defects include a d e c r e a s e i n i s o t y p e -s w i t c h e d m e m o r y B c e l l s (CD27 + IgD − IgM − ), increased numbers of BanergicĈ D21 low B cells, and a loss of plasma cells in the bone marrow and peripheral tissues. In making the diagnosis of CVID, other k n o w n p r i m a r y o r s e c o n d a r y c a u s e s o f hypogammaglobulinemia must be excluded [1 ] . Additionally, a number of T cell defects, including an excess of memory T cells at the expense of naive T cells, loss of T cell proliferation, and numerous T cell-associated cytokine defects have been described in CVID and appear likely to contribute to the overall features. As a genetic defect, CVID appears mostly sporadic in inheritance, but in perhaps 10 % of patients, other family members are affected. In these cases, This article is part of the Topical Collection on Small Intestine mutations in genes that impair B cell activation (CD19, CD20, CD81, etc.), survival and function (BAFF and TACI), costimulation (ICOS), or other controls (LRBA, NFKB1, etc.) may be identified [4] .
Infectious Complications of CVID
Acute or chronic infectious diarrhea remains the most common gastrointestinal (GI) symptom in CVID [5] . Patients with selective IgA deficiency [5] may have similar infections including Giardia lamblia (in up to half of cases), followed by Campylobacter jejuni and Salmonella species [5, 6••, 7] . G. lamblia can be diagnosed from stool samples (PCR, ELISA, microscopy) or from duodenal biopsies (Fig. 1c) . In the latter, the trophozoite is generally associated with intraepithelial lymphocytosis. Other infections have been reported such as cytomegalovirus and Clostridium difficile [5, 7, 8] . Interestingly, despite their greater exposure to antibiotics, CVID patients do not appear to have a higher incidence of C. difficile infections, which perhaps may be due to the presence of anti-C. difficile antibodies in replacement immunoglobulin products [9] . Recently, Norovirus has been noted as an increasingly important enteric infection in patients with CVID, leading in some cases to severe chronic enteropathy (CE). Notably, Noroviral clearance may be associated with improved histopathological features and resolution of villous atrophy [10••, 11] .
The finding of other pathogens, such as Microsporidia, Cryptosporidia, or unusual fungi or parasites, may raise the suspicion of a more complex immunodeficiency state including greater degrees of T cell dysfunction.
Because of increased susceptibility to bacterial infection, one might assume that patients with CVID would have a higher prevalence of Helicobacter pylori (Hp) infection. However, perhaps due to frequent exposure to antibiotics, Fig. 1 Giardia lamblia organisms are seen between red arrows on this duodenal biopsy of a CVID patient (x600, hematoxylin and eosin stain). Intraepithelial lymphocytosis of the duodenal epithelium is also present (black arrows) (a). This biopsy shows duodenal mucosa with active inflammation characterized by a prominent neutrophil infiltrate in the lamina propria. There is blunting of the villi with mild intraepithelial lymphocytosis (b, x100 and c, x200; hematoxylin and eosin stains). Immunohistochemical stain for CD138 (plasma cell marker) shows that the lamina propria is entirely devoid of plasma cells (duodenal epithelium is a positive control) (d, x100). b, c and d biopsies are from patient 2. In e and f, the duodenal mucosa exhibits small aggregates of pale, lightly pigmented macrophages (white arrows) present in the lamina propria, consistent with GI lesions of CGD (x200 magnification, hematoxylin and eosin stain) (e and f) Hp infection rates in CVID patients are equivalent to those seen in the general population. Combining data from two studies, a total of 11 patients out of 60 patients with CVID (18.3 %) who had gastric biopsies were found to be Hp+ [6••, 12] . In contrast, in the general population, the prevalence of Hp infection ranges from 17 to 79 % in Europe and around 30 % in the USA, with variations according to age or ethnicity [13, 14] . However, Hp infection in patient with CVID may promote gastritis, gastric dysplasia, or gastric cancer [15, 16] . Furthermore, in the setting of CVID, gastric pathology may not resolve with Hp eradication as shown by Malamut et al. [6••] .
Non-Infectious Complications of CVID
Among the inflammatory complications, the most common are autoimmune cytopenias (immune thrombocytopenia and hemolytic anemia), interstitial and/or granulomatous lung disease, and gastrointestinal complications including chronic enteropathy [3, 7, [17] [18] [19] . GI involvement is frequent in patients with CVID, reported in 9 to 20 % of patients [3, 20] . Up to 50 % of patients have intermittent or chronic diarrhea, leading to malabsorption [5, 21] . Non-infectious and non-malignant GI complications associated with CVID are detailed in Table 1 .
Non-Infectious Gastrointestinal Disease
Non-infectious enteropathy occurs in 10 to 12 % of CVID patients and may resemble other GI conditions such as Crohn's disease, ulcerative colitis, or celiac disease. In a large case series, Malamut et al. examined 50 patients with CVID, 40 % of whom had chronic GI symptoms [6••] . In this cohort, the mean age at CVID diagnosis was 36.8 years and mean age at the onset of GI symptoms was 34.5 years. Diarrhea was present in two thirds of patients, and abdominal pain in more than half of cases. The mean body mass index of patients was below 20 kg.m −2 , and half of patients had evidence of malnutrition [6••] . Abnormalities were seen in 34 of 41 duodenal biopsies (83 %) and 28 of 35 colonic biopsies (80 %). Additionally, macroscopic inflammation was seen during colonoscopy in 26 % of cases [6••] .
Similarly, in a study conducted by Maarschalk-Ellerbroek et al., 30 patients with CVID underwent upper and lower GI endoscopy. Abnormalities were observed in 25 of the 30 patients (83 %), although only 18 (64 %) patients had experienced GI-related symptoms. Colitis and gastritis (in 20 %) were the most common GI manifestations [12] . In half of these cases, gastritis was Hp (−). Five of these patients were found to have both severe gastric corpus atrophy and vitamin B12 deficiency, and three had detectable serum auto-antibodies against gastric parietal cells. Notably, Zullo et al. previously reported that about 26 % of patients with CVID have atrophic gastritis [15] .
Tissue histology in CVID is characteristic for the paucity or absence of plasma cells (Fig. 1f) and a high frequency of CD8+ T cell infiltrates in the intestinal lamina propria [6••, 7, 18] . Additionally, lamina propria mononuclear cells of CVID patients may produce significantly more IL-12 and IFNγ (but not IL-23 and IL-17) compared to controls [22] . In Crohn's disease, the role of IL-12 and IFNγ to promote gut inflammation is well documented [23] and therapeutic strategies targeting IL12 with briakinumab or ustekinumab have shown promising results [24, 25] . Similarly, innate lymphoid cells (ILC) have also been identified to play a crucial role in inflammatory bowel disease (IBD) pathogenesis [26] . The number of inflammatory ILC have remarkably been found increased in blood, respiratory, and gastrointestinal mucosa of CVID patients with inflammatory conditions compared to patients without CVID inflammatory disorders [27••] although to date ILC have not been studied in detail in the GI mucosa of CVID patients with intestinal manifestations.
Chronic Enteropathy in CVID
CVID-associated chronic enteropathy (CE) is a complex disorder that may include features similar to ulcerative colitis, proctitis, or severe small bowel disease that leads to weight loss and malnutrition which may require long-term parenteral feeding [3] . Small bowel disease in patients with CVID is associated with exudative enteropathy, chronic bacterial overgrowth, villous atrophy, and inflammatory lymphocytic infiltrates.
Exudative enteropathy is associated with a loss of serum IgG, and can be confused with CVID; however, in these cases, serum albumin may also be reduced. More importantly, IgA and IgM levels are likely to be normal in pure exudative enteropathy, and antibody function is generally preserved. Patients with CVID may develop a form of exudative enteropathy, further depleting immunoglobulins and leading to increased requirements for parenteral Ig supplementation. In such patients, protein loss is caused by epithelial exudation in the setting of mucosal inflammation and damage, due to a loss of intestinal barrier function. In certain cases, this is associated with hepatopathy with or without increased portal pressures. In these cases, subcutaneous administration of Ig may be required to maintain therapeutic serum IgG levels [28] .
Small intestine bacterial overgrowth (SIBO) is common in patients with CVID due to the lack of IgA and possibly IgG and IgM within the intestinal lumen [29] . In clinical practice, the diagnosis of SIBO may be difficult to establish as patients may be exposed to antibiotics on an intermittent or chronic basis. To confirm the diagnosis of SIBO, hydrogen breath test is required. Treatment with a course of non-absorbed broad-spectrum antibiotics may also be used as a diagnostic and therapeutic tool.
Small bowel villous atrophy is a frequent and challenging finding in patients with CVID who present with malabsorption. After excluding infectious causes, the first proposed diagnosis is generally celiac disease and on this basis, glutenfree diet is often initiated. As serologic studies are not helpful, genetic studies may be needed to determine the likelihood of this diagnosis. Interestingly, gluten-free diet improves approximately 20 % of CVID patients with villous atrophy and the efficacy of gluten avoidance seem slightly higher in subjects with the celiac-associated genotype HLA DQ2 and DQ8 [6••, 30] . In these cases, a gluten-free diet could be tried for 6 to 12 months, and then the histological response ascertained. However, villous atrophy is common in most or all CVID subjects with significant chronic enteropathy and wheat avoidance is more likely to lead to further loss of weight. In these cases, some histological features, such as GVH-like lesions, polymorphonuclear infiltrates, and an absence of intestinal plasma cells are more suggestive of CVIDassociated enteropathy than celiac disease [6••, 30] .
In case of severe malabsorption caused by CVIDassociated CE, parenteral nutrition is required which leads to risks of central venous catheter-related infections.
Gastrointestinal Pathology in CVID-Associated Chronic Enteropathy
Increased intraepithelial lymphocytes (IEL) are a common histological finding in gastrointestinal biopsies of subjects with CVID, especially those with chronic malabsorption [6••, 7, 30] . In the study by Malamut et al., it was the most commonly found histological feature within the entire cohort (75.6 % of cases, >30 IELs/100 epithelial cells (ECs)). Such cases are distinguished from celiac disease even when associated with villous atrophy by the following criteria: In CVID, IEL count is usually lower than in celiac disease and is often associated with a strong neutrophilic infiltrate, GVH-like + T cells but again lack plasma cells. Between 8 and 22 % of subjects with CVID develop granulomatous disease. In most cases, the non-caseating granulomas are found in the lung, lymph node, or liver. But granulomas may also be found in the skin, brain, bone marrow, or the GI tract [31, 32] . In the French national cohort of CVID patients, among 436 subjects with CVID, 59 patients (13.5 %) were diagnosed with granulomatous disease in one or more organs. Among them, nine patients had GI involvement, associated with clinical symptoms such as diarrhea and weight loss [31] . Granulomatous disease in CVID is notoriously difficult to treat [31, 32] ; infliximab has been used in a few cases. More recently, rituximab and azathioprine combo-therapy has shown some benefit for those with pulmonary involvement [33] .
For colonic lesions in CVID, the severity ranges from microscopic colitis (mostly lymphocytic but collagenous colitis is also found) to severe colitis with ulcerations [6••] . The histopathological pattern may mimic ulcerative colitis or Crohn's disease including the presence of ulcers, crypt abscesses, and crypt destruction. Alternatively, colonic lesions may show a mild inflammatory infiltrate. Follicular hyperplasia and GVHlike disease may be associated with acute or chronic colitis. Similarly, inflammation and ulcers may be seen, albeit at a lower frequency than in the small intestine [6••] .
GI Tract Cancers and CVID
Two to 10 % of CVID patients may develop lymphoid malignancies [3, 20, 34] . These are generally non-Hodgkin's B cell lymphomas and often involve extra nodal sites [34] which in some cases include the GI tract. In the great majority of cases, these are EBV negative. As subjects with CVID are likely to have thoracic or abdominal lymphoid hyperplasia and/or splenomegaly, the diagnosis of lymphoma can be challenging. Immunohistochemical and gene rearrangement studies are often helpful in the assessment of cases of atypical lymphoid hyperplasia but identifying a clonal expansion of B cells may not be pathognomonic [35] . Treatment of CVID-associated lymphoma is usually similar to the treatment of lymphomas in other settings and usually incorporates rituximab as a therapeutic agent.
CVID patients have been said to have a 10-fold increased risk of gastric cancer compared to the general population [36] but recent data suggests that the risk has declined since the original reports [3, 20] , potentially due to the elimination of Hp by antibiotics. Chronic atrophic gastritis and extensive intestinal metaplasia within the gastric corpus are the strongest risk factors for the development of CVID-associated gastric cancer [37] . De Petris et al. focused on the characteristics of six CVID-associated gastric cancers and reported that these adenocarcinomas were diagnosed at a younger age, were of intestinal type, and were associated with increased numbers of intra-tumoral lymphocytes. Severe atrophic metaplastic pangastritis with extensive dysplasia was present in the background in four on six cases, with features of lymphocytic gastritis in two cases. Histopathological features of CVID (paucity of plasma cells and nodular lymphoid hyperplasia) were also detected in these patients [38] . Notably, the risk of gastric cancer persists in CVID patients even after Hp eradication. Patients with CVID do not appear to be at a higher risk for colon and anal cancers than the general population.
Treatment of GI Disease in CVID
Immunoglobulin supplementation generally has little effect on the course of non-infectious GI disease in CVID [6••] . After infections have been excluded and the outside possibility that the enteropathy may be related to gluten intolerance, the first line treatment is oral steroids (budesonide or temporarily, systemic steroids). Elimination of bacterial overgrowth with oral antibiotics may be useful, and needed repeatedly. Other immunosuppressive therapies such as thiopurines have been used with variable and inconsistent results. There is anecdotal evidence regarding the efficacy of TNF-antagonists, infliximab as well as adalimumab, although a more wide spread adoption of such therapies has not occurred [39, 40] . The overall efficacy of anti-IL12/IL23 therapy (ustekinumab) and anti α4β7 integrin (vedolizumab) has not yet been reported. Especially with the use of vedolizumab, there is the potential for blocking the ingress of regulatory T cells into the mucosa, potentially worsening the clinical condition. Oral immunoglobulin therapy has been considered, as well as human breast milk. Studies are actively focused on the role of the microbiota in patients with CVID. However, to date, no data are available on fecal transplantation, which also raise the concern of the risk of introducing infections in such patients.
Gastrointestinal Manifestations of CGD
In contrast to CVID (overall differences between chronic granulomatous disease (CGD) and CVID are exhibited in Table 2 ), which is a defect of adaptive immunity, CGD is an inherited immunodeficiency disorder involving the innate immune system that impairs the neutrophil oxidative burst. The basis of this defect is a loss of nicotinamide adenine dinucleotide phosphate-oxidase (NADPH Oxidase or NOX) function in phagocytic cells, which diminishes their ability to produce reactive oxygen species (ROS) [41] .
This defect impairs anti-microbial killing. The CGD syndrome is a rare condition occurring in approximately 1 in 200, 000 live births [42, 43] . It is generally diagnosed in childhood, even though milder forms may lead to the diagnosis being made in adulthood. However, median age at diagnosis is around 3 to 5 years with earlier age at diagnosis for X-linked CGD [44, 45] . Mutant genes that lead to CGD together encode the subunits of NOX. Two third of patients have an X-linked form with various mutations of CYBB, the gene encoding gp91 phox proteins, respectively [46] . Phenotypes differ according to the genetic status. Patients with X-linked CGD generally have a more severe course and appear to be prone to developing inflammatory disorders [47••] .
Even though the prognosis of CGD patients has improved during the past few years due to antibiotic prophylaxis, CGD is generally a severe condition that requires intermittent and lifelong medical care. The main clinical features include bacterial and fungal infections and inflammatory manifestations. Most patients have the early appearance of severe and recurrent bacterial and/or fungal infections. The diagnosis is established following a functional evaluation of phagocytes (neutrophil oxidative burst) which demonstrate impaired production of reactive oxygen species (ROS). Genetic assessments confirm the diagnosis and the inheritance pattern. With appropriate antibiotic prophylaxis, infectious conditions are less frequent after the age of 10, when inflammatory disorders become the major clinical phenotype. The GI tract is the most frequently affected organ as more than 80 % of patients have inflammatory GI disorders [47••] . The most common inflammatory clinical manifestations are non-infectious diarrhea, followed by oral aphthae, anal fistulae, vomiting, anorexia, and abdominal pain [47••] . Aside from infections, intestinal dysmotility, obstruction, and ulceration may occur along the entire length of the GI tract even though the colon is the most frequently involved site [48] . CGD patients are highly predisposed to perianal disease and rectal abscesses in infancy are often the first clue to this disease. In other cases, the GI involvement can mimic Crohn's disease and lead to misdiagnosis, especially in the absence of a suggestive history of infections [48, 49] . A dysregulated inflammatory response to chronic exposure of unresolved microbial infections is thought to drive the disorder. Indeed, high rates of Crohn's disease-associated anti-microbial antibodies are present in patients with CGD-associated colitis [50] . Moreover, Acetobacteracae have been sequenced from patient granulomas [51] .
Evaluation of Patients with CGD
Imaging techniques such as CT scans or magnetic resonance imaging (MRI) may be useful to show GI ulceration, wall thickening, strictures, or fistulae [48] . Endoscopic features are not specific and are generally indistinguishable from Crohn's disease, ranging from mild erythema to deep ulcers. Inflammation is almost always discontinuous [52] . Histopathologic findings are also very similar to Crohn's disease. Both acute and chronic inflammatory infiltrates are seen and are generally transmural [52, 53] . Granulomas are found in approximately half of patients [47••, 52, 53] . Even though the constellation of pathological findings resemble Crohn's disease, CGD-specific features include a lack of neutrophils, increased eosinophils, eosinophilic cryptitis, and the presence of pigment-laden macrophages in the lamina propria (Fig. 1a, b) [52, 53] .
Marks et al. have reported a case series of 25 patients with CGD. Retrospective analysis of the cohort revealed that more than half of them experienced GI symptoms in the previous 3 years. Intestinal inflammation was documented in 79 % of them with a more frequent involvement of the colon and rectum (73 %). Furthermore, discontinuous segments of the colon were affected and the perianal area was always involved. Additionally, granulomas were found in 55 % of patients with documented intestinal inflammation [52] . Khangura et al. have reported the results of 211 endoscopies in 78 patients with CGD seen at the National Institute of Health (NIH). Seventy-four percent of pat i e n t s h a d g a s t r i c a n d c o l o n i c i n f l a m m a t i o n . Esophageal inflammation was less frequent (21 %) but esophageal dysmotility and structural abnormalities were observed in 26 % of cases. Similar to the data reported by Marks et al., there was a high prevalence of perianal disease (93 %), including fistulae, in patients with colonic CGD. Finally, colonic strictures were common (24 %) and mainly involved the ano-rectal area (80 %) [54••] .
Treatment of Inflammatory GI Disease Associated with CGD
In terms of treatment, infectious etiologies should first be excluded, even though the presence of pathogens is not necessarily the cause of symptoms. The treatment of inflammatory GI disorders associated with CGD is empirical and not well established as it is based on scant data. Anti-infectious agents are often used empirically and should broadly target bacterial and fungal pathogens. Short courses of systemic or ileal release steroid therapy (budesonide) have been administered, but without equivocal results [52] . In case of steroid nonresponsiveness or as steroid sparing agents, immunomodulatory therapy, such as 5-aminosalicylates, thiopurines, methotrexate, cyclosporine, and thalidomide have been prescribed [52, 55, 56] . However, the scientific evidence of treatment efficacy is weak and anecdotal. Anti-TNFα therapy should be avoided as it critically increases the risk of serious bacterial and fungal infections [57] . G-CSF and GM-CSF have been used with variable success [58] . Additionally, surgical options may be considered in patients with refractory colitis, perianal fistulae, and complicated GI lesions. Finally, in CGD hematopoetic bone marrow transplantation has been offered to patients with a suitable stem cell match and severe disease [59] .
Case Records of Representative Patients from the Mount Sinai Cohort
The following cases are illustrative of the complexity and severity of GI manifestations in patients with CVIDassociated CE (Table 3) and IBD-like CGD. As described, the management of GI disease in such cases is often symptom directed and empiric.
Patient 1 is a male who was diagnosed with CVID in 2010 at the age of 18 with GI symptoms. The patient developed a rapidly progressive enteropathy syndrome characterized by nausea, vomiting, and diarrhea with evidence of protein loss (low plasma protein level and pedal edema) and wasting. Pertinent labs included a profound reduction in IgG, IgA, and IgM levels, decreased peripheral B cells (150/mm 3 ) and T cells (comprised of CD4 cytopenia~300/mm 3 ) as well as multiple micronutrient deficiencies. Additionally and characteristically, the patient had the absence of plasma cells in GI biopsies. Notably, the patient's prior medical history was only significant for recurrent ear infections since childhood.
Due to progressive and severe malnutrition, total parenteral nutrition (TPN) with micro-and macronutrient supplementation was started. Additionally, budesonide and intravenous immunoglobulin therapies were initiated. Following clinical response, the patient was subsequently weaned off of TPN and budesonide. From 2011, the patient has exhibited chronic osteoarticular pain suggestive of osteomalacia and has presented with multiple relapses of GI disease due to recurrent Giardia infections and as well as CVID-associated non-infectious chronic enteropathy.
In the summer of 2015, the patient again developed rapidly progressive GI symptoms because of an acute Norovirus infection with a relapse in October. The patient was treated with ribavirin, and TPN was reinitiated. The patient's disease course was complicated by a PICC line-associated septic shock. At the present time, the patient is on oral budesonide and has been discharged from the hospital after successful treatment of septic shock and resolution of the Norovirus infection with oral ribavirin.
Patient 2 is a female who presented with recurrent pneumonia and bronchiolitis requiring multiple hospitalizations since the age of 6 months.
At the age of 8 years, the patient developed colitis and was diagnosed with Giardia intestinalis. However, even after the treatment of Giardia, her colitic symptoms persisted. She was started on enteral feeding due to failure to thrive. Additionally, immunomodulator therapy with 6-mercaptopurine was started due to ongoing GI disease. The patient continued to develop recurrent respiratory tract infections which resulted in bronchiectasis. She was finally diagnosed with CVID at the age of 11. At the time, the patient had a severe deficiency of IgG, IgA, and IgM antibodies and the absence of B cells in the peripheral blood and intestinal biopsies. In contrast, her T cells were in the low-normal range. Soon after diagnosis, the patient was started on intravenous immunoglobulin (IVIG) therapy.
In addition to chronic lung disease, the patient had chronic diarrhea, failure to thrive, and deficiency of multiple, micro-and macronutrients. Endoscopic examination of the upper and lower GI tracts were grossly unremarkable. However, pathologic evaluation of biopsies revealed chronic gastritis (Hp−), pan-enteritis (Fig. 1d-f) , and colitis. Additionally, plasma cells were absent and intraepithelial lymphocytes (IEL) were increased in the small bowel and the colon. The patient showed mild improvement in intestinal symptoms with budesonide and azathioprine but continues to have recurrent hospitalizations. She was recently diagnosed with an autosomal dominant, frame shift mutation in the NFkB1 gene. Currently, infliximab is being considered for the refractory GI disease in this patient.
Patient 3 is a female born with recurrent mild sinopulmonary infections since mid-childhood, which resulted in the diagnosis of CVID at the age of 30. She had an IgG of 81, an IgA <1, and IgM of 17 mg/dl and was placed on IVIG. Four years after diagnosis, the patient developed GI symptoms comprising of chronic diarrhea and wasting. Upper GI endoscopy revealed villous atrophy initially. Although the patient continued to have recurrent GI symptoms, in 2014, 7 years after the initial diagnosis, her GI symptoms worsened dramatically and were associated with marked weight loss and malnutrition. Multiple tests could not diagnose an infectious etiology. Endoscopic examination, though grossly unremarkable, revealed H. pylori-negative chronic gastritis and duodenitis with mild intraepithelial lymphocytosis. There was a complete absence of plasma cells in the upper and lower intestinal tracts. The patient was empirically started on TPN, octreotide, loperamide, and pancreatic enzymes. Due to ongoing GI symptoms, she was started on vedolizumab, a novel inhibitor of α4β7 integrin. Remarkably and perhaps instructively, her GI symptoms worsened with vedolizumab and this therapy was abruptly discontinued. The patient continues to be treated with sequential courses of antibiotics, budesonide, and is on home TPN at the present time.
Patient 4 was diagnosed with autosomal recessive p47 phox CGD at the age of five in the context of recurrent lymphadenitis with abscesses. His medical history was notable for consanguineous parents and G6PD deficiency. The patient has since developed chronic diarrhea, vomiting, malnutrition, and failure to thrive. Endoscopic evaluation of his GI tract, grossly normal, has revealed chronic, H. pylori-negative gastritis, enteritis, and colitis. The patient continues to have chronic, systemic inflammation. Subsequent disease course is complicated by a rectal abscesses and an intractable rectal fistula. Repeat endoscopic evaluation has revealed erythematous and nodular lesions in the esophagus and stomach, scattered aphthae in the colon as well as a left colonic stricture. Pathologic assessments do not show granulomas, typical of patients with CGD but pigmented macrophages are seen. The patient was placed on 6-mercaptopurine therapy but did not show a good clinical response, likely due to non-compliance with medications. Additional immunomodulator therapies are being considered for this patient.
Conclusions
GI involvement, common in CVID and CGD, could be the dominant disease manifestation in a subset of patients. GI symptoms, often protean, can mimic other GI diseases such as celiac disease and IBD. Acute infections remain the most frequent manifestation and should always be ruled out. Current therapies are empiric and based on self-experience. To improve the quality of available therapies, well-designed prospective studies are urgently needed. 
